Objective: Guidelines have been published recently on when an electroencephalogram (EEG) should be undertaken and the expected waiting time for a routine EEG, but have not included recommendations on how an EEG should be undertaken or who should undertake and report EEGs. The purpose of this survey was to obtain background information on the composition and practice of EEG departments throughout Great Britain that might form the basis for additional recommendations and guidelines. Methods: A postal questionnaire was sent to all EEG departments in Great Britain in 2001/2002; non-responders were sent a further copy of the questionnaire. Results: Fifty-two departments responded, representing a response rate of 48%. The reasons for this relatively poor response rate are not known. Findings indicated that a single doctor reported EEGs in 44% of all departments. The speciality of doctor reporting EEGs included neurophysiologists (59%), neurologists (22%), paediatric neurologists (PNs) (13%), psychiatrists (5%) and one general practitioner (GP). EEG recordists from 28 departments (54%) and medical staff in 21 departments (40%) stated that they had not received any formal training in, respectively, undertaking and reporting EEGs in children. In 29 departments (55%), medical staff report EEGs independently from the recordists. Fourteen departments (27%) undertake less than 500 EEGs per year. Ten of the 42 departments providing a paediatric service perform less than 100 paediatric EEGs per year. Eighteen (35%) and eight (15%) units have a waiting time of 2-4 and over 12 weeks, respectively, for a routine EEG.
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Introduction
The electroencephalogram (EEG) is the most important diagnostic test when investigating a person with seizures including epilepsy. An EEG should be obtained in every patient with a clinical diagnosis of epilepsy to aid the classification of the epilepsies and epilepsy syndromes.
1,2 Unfortunately, the EEG and its interpretation are frequently and mistakenly relied upon to either confirm or exclude a diagnosis of epilepsy. 3, 4 Recording and interpreting EEGs is an art as well as a science, especially in children, and to optimise both its accuracy and its electroclinical usefulness, must take account of the age-related, normal physiological (maturational) features and the recognition of artefacts as well as any abnormal activity. This is particularly important in those situations where the EEG is being used inappropriately (often in the absence of an incomplete or inaccurate history) to either confirm or exclude a diagnosis of epilepsy where a poor or artefact-contaminated recording or its inaccurate interpretation may have a detrimental effect on the patient's diagnosis and future management. An appropriate knowledge and understanding of the EEG, particularly in children, as well as accurate and full clinical information as possible, are important to optimise the clinical relevance and usefulness of an EEG service. 3 The EEG may also provide useful information on the choice of antiepileptic drug (AED) and, ideally therefore, an EEG should be undertaken prior to commencing an AED. The aim of this survey was to obtain information on the composition, operational procedures and practice of EEG services in Great Britain. These data could subsequently be used to address some of the important issues outlined in the recently published Department of Health (National Centre for Clinical Excellence [NICE]) 5 and Scottish Intercollegiate Guidelines Network (SIGN) 6 documents. As far as the authors are aware, this is the first study to obtain such comprehensive data.
Methods
In 2001 a questionnaire was designed and piloted amongst a group of five EEG physiologists (recordists). The revised questionnaire was subsequently distributed to all EEG departments in Great Britain (excluding Northern Ireland), identified through the Electrophysiological Technologists' Association (EPTA), the professional organisation that represents the physiologists in the UK. All non-responders were sent a further questionnaire; there was no attempt to contact persistent non-responders, either by letter or by telephone. Results are presented in descriptive form only.
The questionnaire sought information in many areas, including the numbers and qualification of staff on the EEG units, the types of routine and specialised EEGs and waiting times for these recordings in the individual units, paediatric EEG services, whether the EEG units provided an on-call, emergency service and the speciality of the medical staff who undertook the routine reporting of the EEGs. A copy of the questionnaire can be obtained from RA at Alder Hey Children's Hospital. Information was not sought on the following: the specific types of EEG equipment used, the duration of a routine, outpatient EEG recording, the details of EEG departments that provided a pre-surgical EEG service, and the specific neurophysiology accreditation of the medical staff reporting the EEGs.
It was not the purpose of this survey to collect any data on the results of EEG interpretation and specifically the electroclinical accuracy and yield of the EEG in confirming the clinical diagnosis of epilepsy or in the classification and identification of specific epilepsy syndromes. These data, although clearly of both interest and importance, would necessitate undertaking a separate study, similar to one undertaken previously. 7 An adult person was defined as a person aged 18 years and over.
Results
Fifty-two questionnaires were finally returned from 108 postal questionnaires that were sent to all identified departments, representing a 48% response rate. It has not been possible to obtain any information that would explain this relatively low response rate; this is explored in detail later, in Discussion.
Forty-two departments (80%) provide a service for both adults and children. Seven departments provide only a paediatric service and the remaining three provide an exclusively adult service. EEG services are provided in a number of hospitals including tertiary-level specialist neurosciences centres (42%), district general hospitals (38%), community hospitals (10%), and psychiatric hospitals (6%).
Thirty-three (63%) EEG departments have immediate and usually on-site access to medical cover but only 18 of the 52 units (35% of the total) provide an emergency (out of hours and weekend) service.
The number of full-time employed physiologists in the departments varies from no full-time technical staff (seven or 13% of all units) to five full-time staff (seven or 13% of all units). Twenty (38%) departments employ two full-time physiologists and 23 (44%) employ one part-time physiologist.
A single doctor reports EEGs in 23 (44%) departments. Sixty-three doctors provide the EEG reporting service in the 52 departments; these are comprised of 37 (59%) neurophysiologists, 14 (22%) adult neurologists, 8 (13%) paediatric neurologists (PNs), 3 (5%) psychiatrists and 1 general practitioner (GP). The paediatric EEGs are reported by a PN in only 8 (15%) of the 42 units that routinely undertake EEGs in children. No PN reports adult EEGs. One GP provides the routine EEG reporting service in one department that undertakes both children's and adult's EEGs. Finally, in three (6%) departments the doctor who reports EEGs has retired but continues to provide the reporting service for that department.
Most EEGs are reported by a consultant. In 12 (23%) units, EEGs are reported by non-consultant staff grade doctors; consultant supervision is unavailable in 4 of these 12 units. All EEGs reported by specialist registrars are routinely supervised and checked by consultants prior to 'signing off' and submitting the report.
The majority of the physiologists employed in the EEG departments have the Electroclinical Neurophysiological Examination (ECNE) board qualification, six physiologists have both ECNE and National Vocational Qualification in Neurophysiology (NVQ) qualifications and four (7.5%) have an NVQ qualification. There is no major difference in the status awarded by the NVQ and the ECNE, and since 2004, both qualifications have been withdrawn. EEG physiologists are now required to sit a specific examination in clinical practice as part of an undergraduate Bachelor of Science in physiology (neurophysiology) degree.
Physiologists in five (10%) EEG departments stated that they had received no formal training in undertaking EEGs in children. Of the remaining 47 departments, 23 physiologists (49%) had received 'on the job training' and physiologists in 15 departments had attended either 1-or 2-day courses on paediatric EEG.
The medical staff primarily responsible for providing the EEG reporting service in 21 of the 52 departments (40%, all of which undertook paediatric EEGs) indicated that they had received no formal training in paediatric EEG interpretation. In the remaining 31 departments, medical staff indicated that training was usually derived from courses (varying from 1 to 5 days in duration) or whilst 'doing the job'.
In 29 (55%) units, medical staff interpret and report EEGs independently from the physiologists. In the remaining 45%, the interpretation and reporting of EEGs is usually undertaken by the medical staff in conjunction with the physiologists.
The number of routine, waking and sleep-deprived EEGs undertaken each year varies from less than 50 to over 1000. Fourteen (27%) departments perform less than 500 EEGs per year. Specialised EEG services including ambulatory EEG and video-EEG telemetry are available in 52% and 27% of departments, respectively. The vast majority of telemetry recordings were undertaken using surface or non-invasive recordings. Most departments undertake less than 50 specialised EEG procedures every year. The majority of departments providing a paediatric EEG service perform 100-500 recordings a year. However, 10 (20%) departments perform less than 100 paediatric recordings a year (less than two a week).
Most departments have their own protocol for performing provocation techniques of hyperventilation and intermittent photic stimulation (IPS). Forty-eight of the 52 departments (92%) use 2-3 min of hyperventilation with a range of 1-4 min. The duration of IPS varies considerably, ranging from less than 2 min to more than 5 min; the duration of IPS does not appear to differ between those departments that undertake exclusively adult or paediatric EEGs.
Forty-seven (90%) of the departments routinely record a single-channel ECG during the EEG recording. However, 38 (73%) of the written EEG reports do not routinely comment on the ECG pattern. Specific features including heart rate and QT interval are not routinely commented on in most reports.
The waiting time for a routine, waking EEG varies from less than 1 to over 12 weeks. Eighteen (35%) departments have a waiting time of 2-4 weeks but in eight (15%), patients have to wait for over 12 weeks. More specialised EEG investigations incur a waiting time of more than 6 weeks in most departments.
Discussion
As far as the authors are aware, this is the most comprehensive survey of EEG departments in Great Britain yet undertaken and provides important information on both their composition and practice.
The response rate of approximately 50% is disappointing but does not necessarily negate the main findings of this survey, or their potential significance. There are a number of possible explanations for this low response rate. Firstly, not all EEG departments may have received a questionnaire. However, this is considered unlikely because successful (and therefore a complete) ascertainment of all departments undertaking EEGs was considered to be more likely using a single organisation, EPTA (whose members record all EEGs), rather than through those reporting EEGs (almost certainly a more heterogeneous group, including clinical neurophysiologists, adult and paediatric neurologists (identified through the Association of British Neurologists (ABN) and the British Paediatric Neurology Association (BPNA), respectively)), psychiatrists and general practitioners. Secondly, it is possible that although the questionnaires were received by all the EEG departments, they may have been misplaced. Thirdly, the staff may have been too busy to complete the questionnaire or may have refused to participate in the survey. The authors have neither sought, nor received spontaneously, any information that could confirm or refute these possible explanations for the low response rate. Finally, and despite the low response rate, there is no reason to expect that the composition and service provided by those EEG departments that did not respond should be different from those responding to the questionnaire although this is possible. Discussion of the results of this survey will focus on those areas of most clinical relevance.
Specific training issues
Over 50% of physiologists and 60% of medical staff stated that they had not received any formal training in undertaking and reporting, respectively, EEGs in children, despite providing an EEG service that routinely included children. This has potential clinical governance implications. The EEG may be recorded in newborn infants as young as 24 or 28 weeks gestation and the 'normal' adult-type pattern is typically achieved by 12-14 years of age. This emphasises the range of 'normality' and age-related (maturational) EEG patterns that must be understood and recognised by those undertaking and interpreting EEGs in children. In addition, children's EEGs are frequently contaminated by movement and other artefacts, which must be clearly recognised as such by both the physiologist and doctor when annotating and reporting the EEG. Finally, the medical staff must be aware of the abnormal EEG patterns that characterise the many different epilepsy syndromes that typically present in childhood. An appropriate knowledge and understanding of the EEG throughout childhood will hopefully avoid or at least reduce the over-interpretation of the EEG (which not uncommonly contributes to a misdiagnosis of epilepsy 4 ) and maximise both its accuracy and its consequent electroclinical correlation. It was neither the purpose nor was it within the remit of this survey to obtain any data on the accuracy and clinical usefulness of EEGs, and specifically in children. There is no reason to expect that the composition and service provided by those EEG departments that did not respond should be different from those responding to the questionnaire, although this is possible; this would form the basis for a separate study.
Joint interpretation of EEGs
Less than half of the departments indicated that EEGs are interpreted and reported jointly by both the physiologists and medical staff. Most, but not all EEG departments are equipped with digital technology that simultaneously records video-footage of the patient's clinical behaviour as well as the EEG. This clearly offers a useful visual aid for the medical staff when there is some doubt about the nature of any paroxysmal electrical activity and specifically whether it is of cerebral origin or due to artefact (movement, muscle activity (i.e. electromyography or EMG), or both). However, the video camera or closed circuit television (CCTV) does not always capture the physiological and environmental changes that may not only affect the patient, but with babies and young children, their accompanying parent or nurse who is often in close contact with the patient. These typically include sucking, chewing, foot-tapping (by the parent or carer who is holding the child), patting the child's back or gently bouncing the child up and down on the parent's knees (in an attempt to pacify or calm the child), shuddering, sobbing and eye movements (particularly common during the 'eyes shut' phase of intermittent photic stimulation. These movements commonly occur during the recording of paediatric EEGs and may potentially go unrecognised by less than vigilant physiologists. Therefore, despite most EEG departments' ability to simultaneously record the child's clinical and EEG activity on video camera or CCTV, the expertise of the physiologist to observe and annotate the EEG recording and the clinician to interpret the EEG in conjunction with the physiologist, could, arguably, provide the best available clinical practice. The authors consider that this practice should be adopted even if all EEG units undertook digital EEG recordings, although the authors acknowledge that this study has not provided any data to support this assertion.
Recording of simultaneous ECG
Cardiac arrhythmias may result in altered consciousness and are a well-recognised cause of a false diagnosis of epilepsy. It is even possible that a cardiac arrhythmia (and not epilepsy) may have been responsible for one or more of the deaths observed in the National Sentinel Clinical Audit of Epilepsy-related Death. 8 Despite the fact that most of the respondents in this current survey indicated that a single-channel ECG is recorded during an outpatient EEG, less than one-third routinely comment on this ECG, even if it appears abnormal. Obviously, the ECG recorded during an EEG should not be relied upon to definitively confirm or refute a cardiac arrhythmia. However, in conjunction with the clinical history provided when the EEG has been requested, it could be used to identify a possible rhythm disturbance (e.g. prolonged QT interval) that may then suggest that the patient undergo 12-lead electrocardiography or a formal cardiac opinion. 9, 10 It would perhaps seem somewhat disingenuous to record an ECG during the EEG, but then not comment on its appearance (specifically, the heart rate and rhythm).
Waiting times
Most departments indicated that a routine waiting EEG could be undertaken within 12 weeks of referral although just over one-third had a waiting time of 4 weeks or less, the target time recommended by the recent NICE Guidelines. 5 The importance of the EEG lies in its role in the classification of the epilepsies and epilepsy syndromes, as a guide as to the most appropriate AED and whether other investigations may be indicated. If it is assumed that most EEGs will be requested after a clinical diagnosis of epilepsy has been established and treatment is being considered, it would therefore seem appropriate to obtain the EEG prior to commencing any AED. This should be possible with an EEG waiting time of 4 weeks or less, depending on the frequency of the seizures and excluding specific emergencies. However, EEG waiting times of 8 weeks or more (as identified in 25% of respondents in this survey) may militate against delaying starting an AED, thereby denying obtaining potentially valuable information from the EEG and even preventing the prescription of an inappropriate anticonvulsant. Finally, patients may be subject to further delays if additional and more specialised EEG investigations (e.g. sleep-deprived or ambulatory EEG recordings), are required to either confirm the clinical diagnosis of epilepsy or more accurately classify and identify the specific epilepsy syndrome; 7,11 again, it was not the objective of the current study to address this important issue.
A number of guidelines and reports on epilepsy services in Great Britain have been published over the past few years, including an epilepsy needs document 12 the Clinical Standards Advisory Group (CSAG), 13 National Sentinel Clinical Audit on Epilepsy-Related Death, 8 National Institute of Clinical Excellence (NICE) 5 and Scottish Intercollegiate Guidelines Network (SIGN). 6 Most of these reports have focused on the provision of clinical (medical and nursing) services in both primary and secondary care. Although these reports have included some recommendation on the provision and timing of investigations, including EEGs, most have focused on these within the context of specialist epilepsy centres. Specific recommendations on routine EEG investigations have usually been limited to an arbitrary waiting time of 4 weeks. Published reports, including those by consensus groups, 10 NICE 5 and SIGN 6 have not included specific recommendations on the training requirements of the physiologists (recordists) who undertake and the medical staff who interpret the EEGs, the process of how the EEGs should be interpreted (by the medical staff alone or in conjunction with the physiologist) or the minimum number of EEGs that should be undertaken in any one department. Clearly, it could be argued that it would be inappropriate for consensus groups or national bodies (ie: NICE and SIGN) to advise on these issues, and specifically, the training of physiologists and medical staff who, respectively, undertake and report EEGs and how they should be reported. However, this could possibly be undertaken by other groups, such as the Health Commission.
There are obvious limitations to this study, with the most significant being the low response rate of approximately 50%. It would be easy to speculate on the possible reasons for this but it would seem unlikely that the non-responding units would have comprised a specific sub-group and therefore be non-representative of all EEG units thereby potentially skewing the overall findings. Nevertheless, it has to be accepted that this is possible and these additional data could consequently have influenced the overall results and conclusions of this study.
It is not within the authors' remit to comment on how the variation in practice, specific issues and potential concerns identified in this survey (e.g. paediatric EEG training, lack of medical cover in some EEG departments and long waiting times) could be resolved. However, it would seem reasonable to suggest that these concerns do need to be addressed to improve the diagnosis and management of epilepsy, particularly in children, and to meet some of the recommendations made by both NICE 5 and SIGN. 6 In conclusion, this survey has demonstrated a wide variation in both the composition and practice of over 50 EEG departments in Great Britain. The most significant finding would appear to be a deficiency in the undertaking and reporting of EEGs in children. It would be important to try and confirm or refute these findings in view of the importance of the role of the EEG in aiding the clinical diagnosis of epilepsy and the identification of epilepsy syndromes.
